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FOREWORD 


This  contract  vas  initiated  by  the  Propulsion  Laboratory,  Wright  Air 
Developing  Center,  Wright-Patterson  Air  Force  Base,  Ohio,  and  for  the 
past  tvo  years  has  been  monitored  by  the  Rocket  Propulsion  Laboratory 
of  the  Air  Force  Flight  Test  Center,  Edvards  Air  Force  Base,  California, 
The  work  upon  vhich  this  report  is  based  is  being  accomplished  by 
Beechcraft  Research  and  Development,  Inc.,  Boulder,  Colorado,  under 
Air  Force  contract  AF33(6l6)-5154,  Supplement  33(59-207)..  Mr.  J. 
Branigan  of  the  Rocket  Propulsion  Laboratory  is  the  Air  Force  Project 
Engineer  in  charge  of  the  work  done  under  this  contract. 

This  is  the  eighth  quarterly  progress  report  submitted  per  Item  IV, 

Part  I  of  the  33(59-207)  Supplement  to  the  contract.  This  report 
covers  all  work  accomplished  from  15  June  i960  to  3I  July,  I961. 
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ABSTRACT 


Status  of  the  anlytical  programs  and  progress  of  the  flight  simulation 
test  program  during  the  eighth  reporting  period  of  the  contract  are 
reported. 

Status  of  the  condensing  film  heat  transfer  research  program  is  reported. 

In  the  flight  simulation  test  program^  the  progress  on  the  7; 000  gallon 
test  tank  system  design^  system  fabrication,  pre-test  program  and 
thermal  test  facility  is  reported.  A  description  of  the  fabrication 
progress  of  the  titanium  tank  and  insulation  concepts  and  testing  of 
the  stainless  steel  test  tank  is  presented. 
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INTRODUCTION 


This  is  the  eighth  progress  report  on  work  being  perfomied  under  contract 
A.F33( Supplement  S3(59'“207)  involving  research  and  development 
of  cryogenic  propellant  tanks  for  rocket  vehicles.  This  program  Is  a  con¬ 
tinuation  of  an  investigation  of  propellant  tank  design  problems  begun,  by 
Beechcraft  Research  and  Development,  Inc,,  in  July,  195?. 

During  the  original  study  program,  preliminary  design  criteria  for  the 
tank  system  of  a  series  of  chemical  and  nuclear  rocket  vehicles  was 
evolved.  It  was  determined  during  that  program  that  further  research 
and  development  work  was  needed  in  certain  areas  in  order  to  firmly 
establish  the  desired  tank  design  criteria.  The  theraial  performance  of 
a  hydrogen  fuel  tank  during  powered  flight  was  deteraiined  to  be  an  important 
tank  design  parameter  and  that  the  re.lationship  between  thermal  performance 
and  tank  design  is  quite  complex. 

The  flight  simulation  test  program  now  in  progress  is  directed  toward  the 
solution  of  this  basic  heat  transfer  problem,  A  7.^000  gallon  stainless 
steel  tank  has  been  constructed  and  another  7,000  gallon  tank  fabricated 
of  titanium  is  presently  being  fabricated.  These  tanks  will  be  tested  under 
simulated  powered  flight  conditions  wherein  simulated  aerodynamic  heating 
will  be  programmed  through  the  tank  wa.lls  while  fuel  Is  being  drained  from 
the  tank. 

This  report  covers  an  extended  period  of  time  due  tc  uhe  fact  that  funds 
were  unavailable  for  a  period  of  approx:imately  four  months.  Therefore, 
Sections  1.0  and  2,0  of  this  report  entail  that  work  which  was  accomplished 
before  the  stoppage,  and  Section  4,0  the  three  months  period  after  funding 
was  made  available. 


1.0  ANALYTICAI.  AND  BASIC  RESEARCH  PROGRAMS 


1.1  Analytical  Programs 

During  this  period  of  timCj,  no  further  analytical  work  was  required  to 
support  the  program.  Some  thermal  data  was  reduced  and  preliminary 
analysis  made  and  is  reported  in  Section  2.0. 

1 . 2  Condensation  Film  Heat  Transfer  Research  Program 

The  study  and  test  program  was  essentially  completed  before  the  nonoperating 
period.  Certain  data  reduction  and  the  final  report  remained  to  be  com¬ 
pleted.  After  the  program  was  funded,  the  data  was  assembled  and  the  final 
report  released.  The  report  was  released  as  Volume  II  of  AEFTC  TR  60-43. 
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2.0  FLIGHT  SIMULATION  TEST  PROGRAM 


This  section  of  the  report  will  summarize  the  work  accomplished  during  the 
period  from  June  15j,  I96O4  through  December  31^  19^0,  at  which  time  the 
program  was  made  inactive  (see  Section  4.0  for  program  continuation). 

A  description  of  the  work  progress  will  be  made  on  the  following  subject 
topics ; 

(a)  7^000  gallon  titanium  test  tank  system 

(b)  7^000  gallon  stainless  steel  test  tank  system 

(c)  Thermal  test  facility 

As  previously  reported  (paragraph  2,0^  E.R,  8129 );  4he  stainless  steel 
tank  fabrication  schedule  was  projected  ahead  of  the  titanium  tank  in  order 
to  have  a  test  vehicle  at  the  earliest  date  possible. 

7;0Q0  Gallon  Titaniam  Test  Tank  ^ysjtem 

The  following  subsections  will  be  devoted  to  describing  the  work  progress 
during  the  period  statel  above: 

(a)  Additional  design  considerations 

(b)  Structural  analysis 

(c)  Tank  fabrication  progress 

2 „ 1 0 1  Additlcnal  Design  Considerations 

2.1. 1.1  Stiuctaral, 

No  major  structural  design  ■:har..ge3  were  made  during  this  period.  Some 
changes  were  made  in  fabrication  tolerances  to  facilitate  the  completion 
of  subassemblies,  Howevery  these  changes  did  not  affect  the  structural 
design  or  integrity  of  the  parts. 

2. 1.1. 2  Therma,! 

The  insulation  concept  crigirally  scheduled  for  the  titanium  tank  was 
transferred  to  the  stainless  steel  tank  due  to  the  schedule  change. 

The  consideration  of  ether  insulation  concepts  for  the  titanium  tank 
as  reported  in  E.R,  8129  were  continued.  However,  no  decision  was 
made  during  this  period  as  to  the  insulating  material  to  be  used. 

2.1.2  Structural  Analysis 

All  structural  analysis  work  had  been  completed  including  the  (Computer 
reruns  necessary  because  of  previous  design  changes.  These  reruns  are 
described  in  paragraph  2,1,2,  E.R,  8129. 


DGRP-TR-61-2 


3 


2.1.3  Tank  Fabrication  Progress 

The  fabrication  progress  of  the  titanium  tank  is  described  in  the  following 
subsection  (see  Engineering  Report  7^02  for  identification  of  sections  and 
subassemblies ) . 

2.1, 3*1  Cylindrical  Section 

The  two  cylindrical  sections  were  completed  except  for  the  final  closure 
weld.  These  parts  were  stored  until  the  head  assemblies  were  completed. 

2,1. 3*2  Skirt  As s emb 1 1 e s 

The  two  skirt  subassemblies  were  completed  during  the  last  half  of  June, 
i960.  They  were  stored  with  the  cylindrical  sections  awaiting  next  assembly 
operation. 

2.1, 3» 3  Drain  Assembly 

The  drain  assembly  is  completed  and  ready  for  welding  to  the  bottom  cone 
section. 


The  cone  section  was  completed  and  trimmed  for  welding  to  the  lower 
hemisphere  head  section  and  drain  assembly. 

2.1. 3. 5  Cylinder  to  Head  Transition  Splices 

These  bands  had  been  machined  to  proper  taper  and  skirt  step  cut  and 
ready  for  next  assembly  operati.on. 

2 . 1 . 3 . 6  Hemi spherical  Heads 


The  head  assemblies  had  been  completed  with  the  exception  of  welding  in 
the  reinforcing  splice  fittings.  Some  rework  was  necessary  on  the  forward 
head  due  to  cracks  in  the  weld  around  the  manhole  cover.  The  repair  of 
the  cracks  had  been  accoraplishedp  and  the  heads  ready  for  attaching  to 
other  subassemblies.  It  might  be  noted  that  some  welds  in  the  head  had 
marginal  areas  as  to  porosity  and  thin-out.  However,  if  good  quality 
welds  were  achieved  in  the  remainder  of  the  assembly,  the  integrity  of 
the  final  assembly  would  be  sufficient  for  the  testing  purposes  intended. 

2 . 1 . 3 •  7 

Assembly  of  the  tank  subassemblies  was  begun  the  last  of  June.  The  joining 
of  the  90°  cone  and  hemispherical  head  section  was  attempted.  However,  the 
tooling  proved  to  be  inadequate  to  hold  the  material  down  properly  while 
welding.  It  was  necessary  to  do  minor  rework  of  the  tooling  in  an  effort 
to  improve  the  hold-down  features.  The  efforts  to  make  the  circumferential 
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welds  joining  the  subassemblies  together  continued  through  July  and  most 
of  August;  i960.  However;  the  work  was  plagued  with  problems  resulting 
from  inadequate  tooling.  As  a  result;  the  circumferential  welds  were  of 
a  poor  quality  and  not  acceptable;  particularly  in  view  of  the  question¬ 
able  areas  in  the  heads  already  mentioned. 

During  September;  1960,  all  work  on  the  titanium  tank  was  stopped  and  the 
fabrication  facilities  were  put  on  a  stand-by  basis  with  only  normal 
maintenance  to  be  performed. 

2.2  YjOOO  Gallon  Stainless  Steel  Tank  System 

The  following  subsections  will  be  devoted  to  describing  the  work  progress 
during  the  period  stated  above. 

(a)  Additional  design  considerations 

(b)  Tank  fabrication  progress 

^ ^ ^  Additional  Design  Considerations 

2. 2. 1.1  Structural 

The  construction  of  the  stainless  steel  tank  using  the  same  tooling  was 
completed  and  no  major  design  changes  were  made  during  this  period, 

2 . 2 . 1 . 2  Thermal 

The  insulation  encapsulation  of  the  stainless  steel  tank  became  a  major 
problem  in  itself.  As  originally  contemplated;  the  Min-K  insulation 
tiles  were  to  be  covered  with  a  cylinder  of  Mylar;  which  would  allow  the 
insulation  to  be  evacuated. 

As  conceived;  the  Myi.ar  jacket  was  to  be  fabricated  by  a  vendor  into 
one  large  cylinder  which  could  then  be  drawn  over  the  tank  and  shrink 
fitted  to  the  insulation.  The  best  grades  of  Mylar  are  purported  to 
be  free  of  pin  holes ;  thus  allowing  the  use  of  the  Mylar  as  one  side 
of  a  vacuum  shell.  However,  when  Mylar  is  folded  such  that  three  loose 
folds  extend  from  one  point,  a  pin  hole  almost  invariably  results.  This 
unique  feature  of  Mylar  resulted  ultimately  in  the  failure  of  the  Min-K 
Mylar  concept. 

The  Mylar  sleeve  could  not  be  slipped  over  the  tank  without  folding  or 
wrinkling;  so  it  was  decided  to  sleeve  the  tank  and  then. repair  the  three - 
corner  leaks.  Having  accomplished  this,  the  test  tank  was  transported 
to  the  thermal  test  facility  for  heat  shrinking  of  the  %lar. 

Earlier  testing  on  the  vacuum  bell  check-out  cylinder  using  a  short 
cylinder  of  Mj'’lar  indicated  that  the  Mylar  was  transparent  to  heat 
and  would  not  shrink  until  it  was  made  opaque  to  heat.  Therefore,  the 
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Lc;;l  sanipleti  were  spray  painted  with  a  form  ri'  carbon  black  and.  thn  flvin!, 
test  repeatea.  The  Mylar  shrank  but  without  uniformity,  causing  wrinkles 
and  puckers. 

It  was  then  decided  that  a  iuli- scale  attempt  should  be  made  and  suspend 
a  weighted  ring  fron  the  bottom  of  the  Mylar  cylinder  while  being  shrunk 
in  the  vacuum  bell.  Figure  1  shows  the  tank  covered  with  Mylar  being 
Lowered  into  the  vacuum  bell.  Figure  2  shows  the  Mylar-covered  tank  prior 
to  heating.  Figures  3  and  4  show  the  result  of  the  shilnk  attempts  Noti 
that  some  areas  show  circumferential  shrinkage  with  gathers  of  material  Jin. 
to  lack  of  longitudinal  shrinkage „  Also,  in  other  areas ^  no  shrinkage 
occurred.  It  appeared  that  certain  areas  were  heated  and  other  areas 
witnessed  no  heat  at  all.  It  has  been  subsequently  determined  that  the 
heater  control  thermocouples  attached  to  the  Mylar  were  not  sensing  the 
actual  temperature  ol'  the  Mylar  nor  were  they  acting  uniformly  over  the 
length  of  the  tank  wall, 

Due  to  schedule  considerations^  every  effort  was  directed  toward  using 
the  insulation  concept  if  possible  even  though  the  cover  had  not  shrunk 
uniformly.  However^  due  to  the  difficulty  in  obtaining  a  vacuum  in  the 
insulation  space  as  well  as  Increased  temperature  requirements  due  to 
LOX-Rp  and  LOX-'LHp  trajectories  which  would  melt  the  Mylar it  was  decided 
that  a  new  cover  should,  be  put  on  the  Insulation. 

The  new  covering  consisted  of  wrapping  the  tank  insulation  with  1  mil 
aluminum  foil^  and  then  a  final  wrap  of  three  layers  of  glass  cloth. 

The  foil  and  glass  cloth  were  wrapped  in  a  spiral  fashion.  As  the  foil 
was  wrapped^  it  was  bonded  to  the  Min-K  insulation  and  to  itself  with 
General  Electric  RTV-11  silicone  rubber  (room  temperature  vulcanizing), 
After  the  foil  was  installed,  the  tank  was  then  wrapped  with  three  layers 
of  glass  coth^  each  layer  being  impregnated  with  the  RTV-il  silicone 
rubber.  Figure  5  shows  a  cross  secticn  of  the  tank  with  the  new  cover 
installed.  Thermocouples  were  installed  on  the  aluminum  foil  prior  to 
being  wrapped  with  the  glass  cloth  The  thermocouples  would  provide 
external  tank  wall  temperatures  during  thermal  runs..  Although  this 
type  of  material  would  result  in  a  heavier  cover,  the  advantages  to  be 
gained  were  worth  the  p/,  i,n  v'r' •;•!■,'  Thi'r.c  advnnta.ges  were  as  follows: 

(1)  More  durable  c.uter  cover 

(2)  High  temperature  allcwable  (700"F) 

(3)  Reliable  thermocoupling 

2.2.2  Tank  Fabrication  Progress 

Design  of  the  insulation  encapsulating  cover  was  completed  the  last  of 
June,  i960,  and  released  for  installation.  Satisfactory  progress  was 
made  and  the  sidewall  was  completed  the  middle  of  July.  Figures  6 
through  9  show  the  steps  i.a  a,pplying  the  aluminum  foll^  thermocouples, 
and  glass  cloth.  The  end  Insulation  had  suffered  damage  during  the 
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efforts  to  heat  shrink  the  Mylar  cover.  Consequently,  the  damaged  foam 
in  the  transition  space  between  the  skirts  and  heads  had  to  be  removed 
and  repoured.  Resealing  of  the  end  insulation  was  then  necessary  to 
hold  a  vacuum, 

This  work  was  accomplished  during  July,  i960.  The  insulation  was  then 
subject  to  leak  checks  in  preparation  of  moving  the  tank  to  the  heat  tower 
facility,  which  was  accomplished  the  first  week  of  August,  i960. 

2.3  Thermal  Test  Facility 

The  following  subsections  will  describe  the  progress  during  this  period 
in  testing  the  stainless  steel  test  tank. 

2 ^ ^  I^^strumentation  and  Data  Acquisition 

During  the  second  week  of  August,  i960,  heat  tower  personnel  completed 
coordinating  the  tank  instrumentation  and  plumbing  with  that  of  the  heat 
tower  facility.  The  completed  hook-up  consisted  of  the  following: 

(1)  Installation  of  NPSH  ring  and  connecting  tank  drain  to  facility 
plumbing  for  fill  and  drain  operations, 

(2)  Connecting  tank  vent  assembly  to  facility  vent  plumbing. 

(3)  Installation  of  internal  umbrella  assembly  containing  tempera¬ 
ture  sensors  for  recording  liquid  and  vapor  temperatures  of 
various  stations  across  the  tank  from  top  to  bottom. 

(4)  Installation  of  rakes  to  tank  wall  at  two  elevations  to 
measure  liquid  temperature  at  tank  wall  and  at  small  increments 
out  from  the  tank  wall.  (Tank  wall  surface  temperature  sensors, 
both  internal  and  external,  were  installed  prior  to  placing 

the  tank  in  the  heat  tower  facility.) 

The  distribution  and  location  of  the  internal  and  external  temperature 
probes  are  shown  in  Figure  10.  To  provide  orientation  of  these  probes, 
the  tank  was  divided  into  26  twelve-inch  vertical  zones.  Zone  No.  1 
was  located  at  the  top  of  the  tank  and  the  remaining  zones  numbered  con¬ 
secutively  to  the  bottom  of  the  tank.  The  centerline  of  the  instrumenta¬ 
tion  port  was  used  for  angular  orientation. 

During  the  third  week  of  August,  i960,  preliminary  liquid  nitrogen  fills 
were  made  to  check  for  leaks  in  the  plumbing  and  to  check  out  the  instru¬ 
mentation  and  data  acquisi.tion  systems.  Minor  difficulties  were  experienced 
during  these  runs  and  the  remainder  of  August  was  spent  in  correcting  and 
adjusting  the  systems.  By  September  1,  i960,  the  tank  and  facility  were 
ready  for  liquid  hydrogen  testing. 

2,3.2  Testing 

During  September,  i960,  two  limited  quantity  LH2  fill  tests  were  accomplished. 
On  September  6,  i960,  the  tank  was  filled  with  1,100  gallons  of  LHp  and 
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FI(]URE  10 
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drained.  The  purpose  of  these  two  runs  was  to  check  'out  the  tank  drain 
assembly.  Both  runs  were  successful  with  no  difficulties  experienced. 

Four  days  after  the  above  runs  were  made,  the  test  tank  was  found  to  be 
in  a  collapsed  condition,  Investigations  were  started  to  determine  the 
'•eason  for  the  colTansc  'Phe  following  conclusions  were  drawn  after  care¬ 
ful. 

1.  The  tank  aid  not  collapse  or  sufJ’er  any  damage  during  the  LIIp 
run  of  Geptember  9.)  19^'0 

2.  The  most  likely  reason  Cor  the  tank  collapsing  was  being  tightly 
closed  off  overnight  The  ambient  temperature  that  particular  night 
experienced  a  considerable  drop,  sufficient  to  have  caused  enough 
negative  pressure  to  collapse  the  tank, 

,)teps  ware  taken  inmicdiaLely  io  jnsui’c  that  a  collapse  for  the  reason 
set  forth  would  not  happen  again 

This  difficulty  delayed  the  start  of  the  thermal  test  runs.  The  tank  was 
■ressurizcd  and  most  of  the  cans  in  the  tank  popped  out  to  the  extent  that 
t’ne  tank  itself  was  considered  usafe,  Repairs  had  to  be  made  to  internal 
instrumentation  and  some  heat  lamps  in  the  vacuum  bell  had  to  be  replaced, 

On  .Oeptember  30,  a  leak  developed  in  the  outer  shell  of  storage  dewar 
do,  1  with  I’esultin;!;  loss  of  hydrogen.  The  vessel  was  repaired  and  on 
October  1,  i960,  the  tanx  and  facility  were  again  ready  to  start  thermal 
Lest  runs, 

Vue  first  LHp  fill  tesL  was  attempted  on  October  6,  i960,  When  the  tank 
level  indicated  790  gallons  had  been  transferred,  a  leak  developed  in  the 
drain  assembly  and  resulted  in  a  fire.  However,  prompt  action  by  heat 
tower  personnel  using  hand  extinquishers  held  damage  to  a  minimum. 
Examination  of  the  drain  assembly  indicated  the  leak  to  be  between  the 
NPSH  ring  and  the  tank  drain  ring.  The  following  steps  were  followed  in 
attempting  to  solve  this  problem. 

(1)  A  new  "0"  ring  was  installed  and  tested,  but  did  not  stop  the 
leak, 

(2)  An  "0"  ring  was  silver  plated  to  make  it  oversize  and  then 
installed  and  tested.  Leakage  was  still  detected  under 
test. 

(3)  It  was  decided  to  Insure  no  further  leakage  by  welding  the 
NPSH  ring  and  drain  transition  assembly  into  one  integral 
part.  This  was  done  and  leak  checked  with  no  leakage  being 
detected. 

The  slight  damage  to  the  insulation  and  plumbing  as  a  result  of  the  fire 
was  quickly  repaired  and  the  tank  was  ready  for  preliminary  UL  tests  by 
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October  17;  i960.  Limited  maintenance^  calibration;  and  testing  was  to 
be  carried  on  to  the  point  where  funds  expired. 

On  October  27;  19^0;  a  limited  liquid  hydrogen  run;  utilizing  1;720  gallons 
of  LH2  ’Mas  made  to  check  the  welded  drain  assembly.  No  leakage  occurred; 
but  during  the  warm-up  period  after  the  tank  was  emptied  the  cone  insulation 
was  damaged  due  to  air  pumping.  After  tank  warm-up;  the  insulation  was 
repaired.  During  the  next  fill;  the  insulation  was  to  be  continuously 
evacuated  to  protect  the  insulation  from  damage. 

Several  LH2  "test  runs  were  made  on  November  9>  19^0;  to  check  out  the 
drain  assembly;  NPSH  assembly;  vortexing;  quality  meter  and  tank  insula¬ 
tion.  The  amount  of  fluid  used  in  these  runs  was  3^300  gallons  of  LH2. 

Two  problem  areas  developed  during  these  runs.  The  NPSH  assembly  was 
found  to  have  a  leak  inside  the  tank  where  the  torus  ring  connects. 

Since  this  assembly  was  now  welded  into  the  tank  and  could  not  be  removed; 
no  repairs  could  be  made.  Therefore,  on  any  subsequent  test  runS;  NPSH 
data  could  not  be  taken. 

It  was  also  discovered  that  the  vent  gas  flowmeter  froze  up  at  -320°F. 

The  meter  was  removed  from  system,  repaired,  and  replaced. 

T\vo  other  series  of  test  runs  were  made  in  November,  i960,  for  purposes  of 
checking  out  the  system  prior  to  a  fill  test  with  heat  being  applied  to 
the  exterior.  These  test  runs  were  as  follows: 

(1)  On  November  16,  I96O;  six  flow  control  tests  were  conducted, 
utilizing  from  4,250  to  5^150  gallons  of  LH2  in  each  run. 

(2)  On  November  22,  I96O;  six  more  flow  control  tests  were  run. 

During  these  runs,  the  tank  pressurization  system  was  used  for 
the  first  time  with  good  results.  These  runs  utilized  from 
3;000  to  6,000  gallons  of  LH^  in  each  run. 

At  the  completion  of  these  test  runs,  the  facility  was  ready  for  a  fill 
test  with  heat  to  be  added  to  the  full  tank. 

On  December  14,  i960,  five  programmed  flow  control  tests  were  conducted 
without  any  difficulty.  After  these  tests  were  completed,  a  4-level 
heat  rate  thermal  test  was  performed  on  the  stainless  steel  experimental 
test  tank.  A  description  of  the  tests  and  the  results  is  as  follows. 

A  pertinent  tank  description  is  that  of  a  7^000  gallon  capacity,  liquid 
hydrogen  fill,  1/8"  Min-K  insulated,  stainless  steel,  pressure  stiffened 
tank.  The  pressurization  was  provided  by  hydrogen  gas  boil-off  maintained 
at  10  psig. 

After  filling,  the  outer  surface  of  the  tank  i:as  exposed  to  ambient 
conditions  for  a  period  of  ten  minutes.  The  resulting  equilibrium 
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Li;mperaturc  ol'  the  outer  r.uri'acc  v.aa  j60°Rj  which  wau  in  good  agreement  with 
that  of  the  theoretical  analyaiu  i'or  i/8"  evacuated  Min-K  50^( . 

Three  constant  rate  radiant  heating  intensities  were  imposed  upon  the  Lank. 
These  rates  were  approxlmo,tcly  .125^  .250;  and  .375  Btu/ft^-sec.  The  rates 
were  only  approximate;  since  a  considerable  amount  of  uncontrolled  con¬ 
vective  heat  transfer  resulted  from  exposure  to  a  nitrogen  gas  environment 
during  heating.  As  a  result,  the  outer  surface  temperature  varied  considerably 
with  tank  height  during  the  heating  tests.  The  first  two  levels  of  Intensity 
were  maintained  for  a  period  of  five  minutes  or  more;  the  latter  level  was 
maintained  for  approximately  one  minute.  Figure  11  shows  the  temperature 
distribution  throughout  the  tank  during  heating  at  the  approximate  level  of 
,375  Btu/ft^-sec,  The  outer  surface  temperature  varied  from  ^15°R  at  the 
lower  end  of  the  cylindrical  section  to  833°R  near  the  upper  end  of  the 
cylindrical  section..  The  inner  surface  temperature  remained  at  35.2°R  + 

.1°R,  the  same  as  the  temperature  throughout  the  liquid.  Temperatures  of 
the  liquid  were  taken  at  various  distances  from  the  tank  wall  ranging  from 
.1  inch  to  h  feet.  Liquid  temperatures  were  also  taken  at  various  heights 
in  the  tank.  No  temperature  change  occurred  at  einy  point  in  the  liquid 
during  these  tests.  It  is  interesting  to  note  that  the  bulk  temperature  of 
the  liquid  in  the  tank  after  20  minutes  at  10  psig,  35>2°R;  was  the  same  as 
the  equilibrium  temperature  of  the  hydrogen  at  0  psig  prior  to  leaving  the 
storage  dewar. 

The  above  test  data  is  presented  for  reference  only  and  is  not  to  be  used 
as  a  criteria  for  calculations  or  design.  This  is  due  to  the  response  time 
of  internal  temperature  probes  not  being  fast  enough  to  record  the  actual 
changes  of  temperature  versus  time.  Therefore,  there  is  an  inherent  time 
error  that  cannot  be  compensated  for  in  this  series  of  tests.  This  problem 
must  be  investigated  further  to  determine  a  method  of  accurate  measurement 
of  rapid  temperature  changes  at  LH^  temperatures. 

At  the  completion  of  these  tests  nU  testing  activity  was  suspended. 

Partial  Company  funding  was  necessary  to  complete  the  thermal  tests 
described  above.  Only  normal  maintenance  of  the  facility  was  to  be  pei’- 
formed  starting  January,  .I96I. 
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3.0  NONOFERji^TING  PERIOD 


During  the  tijne  that  funding  was  not  available,  all  operations  ceased. 
Tooling  was  stored  and  the  thermal  test  facility  closed.  All  design  gmd 
test  personnel  were  given  other  responsibilities. 

In  the  nonoperating  period,  the  data  acquisition  system  was  for  all  intents 
and  purposes  redesigned  and  rebuilt  by  instrumentation  personnel.  This 
effort  was  on  a  spare  time  Company- sponsored  basis. 

Continued  effort  on  the  part  of  Air  Force  personnel  resulted  in  refunding 
the  program  such  that  the  titanium  tank  could  be  fabricated  and  thermal 
testing  continued. 

Prior  to  the  time  that  funding  was  made  available,  a  program  for  completion 
of  the  contract  was  developed. 

The  program  as  developed  included  completion  of  the  titanium  tank,  repair, 
and  insulation  of  the  stainless  steel  test  tank,  thermal  testing  of  the 
stainless  steel  and  titanium  test  tanks. 
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4 . 0  SBIULATED  FIlGIfr  TEST  rROr.PAM 

This  section  of  the  report  will  describe  the  vork  accomplished  from 
May  8,  1961.  to  July  3I  v  1961, 

A  description  of  the  work  progress  will  be  made  on  the  following  subject 
topics: 

(a)  7^000  gallon  titani'Jm  test  tank  system 

(b)  7^000  gallon  stainless  steel  test  tank  system 

(c)  Thermal  facility 

7 ^000 -"99 1-1  on  Test  Tank  System 

The  following  subsections  will  be  devoted  to  describing  the  work  progT'or.:; 
during  the  period  stated  above : 

(a)  Additional  design  considerations 

(b)  Structural  analysis 

(c)  Tank  fabrication  progress 

4,1,1  Add  1 1 lonal  De^gn  Considerations 

^1,1, 1,1  3i£U£^ra) 

During  this  period  the  upper  and  lower  hemispherical  heads  were  redeslgnetj. 
in  an  effort  to  solve  the  problems  as  set  forth  in  previous  reports  in 
making  the  circumferential  welds  joining  the  subassemblies  and  also  improve 
the  quality  of  welds  joining  the  head  segments,  A  major  change  in  fabrica¬ 
tion  of  the  head  segments  has  been  incorporated  in  the  design.  This  change 
calls  for  hot  stretch  forming  of  the  head  segments  from  ,032  titanium 
material  followed  by  chemical  milling  to  1  amove  the  excess  material  down 
to  ,018  where  the  thicker  section  is  not  desirable,  The  advantages  of  this 
process  are  as  foll.ows 

1.  Provide  weld  lands  around  the  perimeter  of  each  segment  .032 
thick  by  ,73  wide.  This  thicker  weld  section  will  greatly 
improve  hold-down  characteristics  and  provide  a  greater  ht-al 
sink  for  the  actual  we.Iding,  The  use  of  more  heat  in  the  wc.Ld.'ui;; 
process  will  eiljminate,  for  the  most  part^  the  problem  of 
porosity  encountered  previously, 

2.  The  reinforcing  splice  bands  that  were  previously  welded  into 
the  heads  will  be  eliminated.  The  reinforcement  now  will  bo 
an  integral  part  of  segment  material^  thus  eliminatirn;  two 
welds  and  the  corresponding  flt-up  and  trim  operations. 

3.  Provide  thicker  weld  lands  for  attaching  the  manhole  fin;g  and 
instrumentation  port  rings.  This  will  essentially  elim.uate 
the  problem  of  the  skin  wrinkling  in  the  weld  area  an  we.n 
experienced  before. 
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Figure  12  shows  the  new  concept  as  it  will  appear  at  final  assembly. 

Although  a  s.iiall  amount  of  additional  weight  will  be  added  by  this  approach, 
the  advantages  gained  in  the  fabrication  process  should  more  than  offset 
the  penalty  in  weight  icr  the  })articular  applicationc  It  is  believed  that 
the  original  concept’.  v<  jld  be  feasible  lor  a  flight  article  with  adequate 
tooling, 


4 . 1 . 1 . 2  Thermal 

The  insulation  concept  to  be  used  on  the  titanium  test  tank  will  be  the 
same  as  the  installation  now  ji;  the  stainless  steel  test  tank.  This 
concept  is  described  in  detail  in  paragraph  4, 2. 1,2. 

4.1.2  Structura i  Analysis 

All  structural  analysis  has  been  completed  on  the  titanium  test  tank  and 
reported  in  previf'us  reports  It  is  beli.eved  that  the  new  design  con¬ 
siderations  for  the  end  closures  will  not  affect  the  structural  integrity 
of  the  tank.  Therefore,  no  further  analysis  will  be  made. 

4.1.3  Tank  _Fa,br icat.ion^  Progress 

The  following  subsections  will  be  devoted  to  describing  the  progress  made 
on  the  titanium  test  tank  during  the  period  stated  above, 

4.1. 3.1  Engineering 

During  this  period,  engineering  drawings  covering  the  new  design  of  the 
hemispherical  heads  were  released  for  fabrication.  All  other  drawings  were 
brought  up  to  date,  incorporating  all  changes  made  previously,  and  re-released 
to  activate  the  fabrlcat  icn  p.rogrgm..  This  work  has  all  been  accomplished 
and  fabrication  has  begun. 

4 . 1  „  3 ..  2  C^yl  ind^  ^  c  ti  ons 

The  cylinder  sections  are  complete  except  for  final  trim  and  closure  weld 
and  are  still  in  storage.  These  sections  are  in  good  condition  a.nd  are 
ready  for  final  assembly, 

4 . 1 .  3  -  3  Hem  i  s  £  r:  a  ^  Heads 

Sufficient  material  was  received  during  this  period  to  fabricate  both  heads. 
Some  difficulty  was  encount.ered  Initially  in  forming  the  head  skins,  One 
head  skin  parted  during  the  stretch  operation  and  was  not  salvable,  Two 
other  skins  also  parted  but  in  such  a  manner  that  they  can  be  salvaged, 

Two  extra  sheets  of  material  were  ordered  so  sufficient  material  would  be 
on  hand  in  case  further  diffi.cu.l.ties  were  encountered  in  forming. 

During  the  last  two  weeks  of  July,  1961,  welding  of  the  head  skins  into 
pairs  was  commenced.  By  the  end  of  July  eight  skins  of  the  lower  head  were 
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welded  into  pairs  of  four.  The  weld  X“ray  examinations  showed  good  quality 
and  the  welding  in  general  has  been  excellent.  The  ninth  skin  is  being 
refabricated  because  of  wrinkles  which  appeared  in  the  skin.  The  skin  is 
scheduled  for  completion  In  August,  I96I,  at  which  time  the  lower  head  will 
be  completed. 

Sufficient  skins  have  now  been  fabricated  and  received  for  the  upper  head. 
Prior  to  welding  the  skins  Into  pairs,  the  instrumentation  and  vent  port 
rings  will  be  welded  into  the  ind.ividual  segments.  This  work  will  be  per¬ 
formed  early  in  August,  I96I. 

4.1.302  Skirts 

Both  skirt  assemblies  were  completed  prior  to  reactivation  of  the  program. 
These  assonblies  were  inspected  as  to  their  condition  and  found  to  be 
ready  for  use  and  are  now  stored  for  final  assembly. 

Circular  Cone 

The  90'"  cone  was  completed  previously  and  has  been  in  storage.  It  is 
ready  for  final  trim  and  attachment  to  lower  head  section. 

4 . 1 . 3 . 4  Hem i spher e -to -Cylinder  Spile e  Fittings 

Both  of  these  fittings  are  completed.  However,  they  will  need  to  be 
re-trimmed  to  match  the  new  design  of  the  heads.  This  will  be  performed 
after  the  heads  are  completed  and  final  assembly  is  begun. 

4,1, 3» 5  Miscellaneous  Parts 

The  drain  assembly  has  been  attached  to  the  90°  cone  assembly.  The 
drain  adapter  is  complete  and  ready  for  bolting  in  place  at  final  assembly. 
The  manhole  ring,  instrumentation  ring,  and  vent  rings  have  been  removed 
from  the  old  head  and  re trimmed  for  installation  in  the  new  head.  A  new 
manhole  cover  plate  is  being  fabricated  by  the  chonical  milling  process 
to  eliminate  the  need  of  welding  the  flange  and  cover  skin.  This  welding 
of  the  thin  circular  cover  skin  to  the  attaching  flange  was  extremely 
difficult  and  resulted  in  a  poor  quality  weld.  Now  the  cover  plate  is 
being  fabricated  to  contour  from  a  single  piece  of  material, 

4 , 2  T^QQO^Gallon  Stainless  steel  Test  Tank 

The  following  subsections  vin  be  devoted  to  the  work  progress  during  the 
period  stated  above- 

(a)  Additional  design  considerations 

(b)  Tank  fabrication  progress 
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'l 2 . 1  Additional  Design  Consideration 

4 . 2 . 1 . 1  Structural 

No  design  changes  were  jnade  during  this  periodo  The  tank  was  completed 
:i.n  i960  and  has  been  subjected  to  tests  described  in  previous  sections. 
However,  since  a  new  insulation  concept  is  being  considered,  the  tank 
will  be  subjected  to  further  inspection  because  of  its  being  collapsed 
previously. 

4.2. 1.2  Therml 

A  new  insulation  concept  was  designed  during  this  period.  Engineering 
drawings  have  been  completed  and  released  and  orders  placed  for  the 
necessary  material. 

This  new  concept  vnll  be  as  follows, 

(1)  The  tank  to  be  wrapped  in  a  spiral  fashion  with  one  (l)  rail 
thick  fiberglass  cloth  36  inches  wide.  Sufficient  wraps 
will  be  accomplished  until  an  insulation  thickness  of  .10 
inches  is  built  up 

(2)  The  insulation  will  then  be  encapsulated  in  an  aluminum  foil 
cover.  The  aluminum  foil  will  also  be  wrapped  in  a  spiral 
fashion  for  three  (3)  layers.  Each  layer  of  foil  will  be 
bonded  to  the  previous  layer  with  General  Electric  RTV-11 
silicone  room  temperature  curing  rubber.  Prior  to  wrapping, 
the  foil  will  be  primed  with  General  Electric  SS4oo4  primer 
for  good  bonding  characteristics.  The  last  wrap  will  be  primed 
on  one  side  only,  so  that  the  finished  exterior  will  be  a  bright 
aluminum  color.  Figure  I3  shows  a  cross  section  of  the  insu¬ 
lation  and  alum'nura  foil  cover  when  installed. 

(3)  The  heads  will  be  insulated  with  contoured  fiberglass  segments. 
The  segments  will  be  attached  to  the  heads  with  Stabond  311 
adhesive.  After  installing  the  segments,  the  insulation  will 
be  encapsulated,  with  aluminum  foil.  The  aluminum  foil  is  to  be 
applied  in  great  circle  strips  12  inches  wide  with  each  layer 
bonded  to  the  previous  .layer  with  General  Electric  RTV-11 
Silicone  rubber.  The  foil  will  also  be  bonded  to  the  skirt 
angle  rings  to  seal  the  entire  head  area.  Figure  l^i-  shows  a 
cross  section  of  the  head  insulation  a.nd  aluminum  foil  cover. 

4.2.2  Tank  Fabrication  progress 

The  following  subsections  will  describe  the  work  progress  of  reconditioning 
the  tank  and  installation  of  the  new  Insulating  concept.. 


FIGIIKE  13 

CROSS  SECTION  OF  SIDEWALL  INSULATION  AND  COVER 


I'Moirr^E  i4 

CROSS  SECTION  OF  HEAD  INSULATION 
AND  ALUMINUM  FOIL  COVER 


Aluminuin  F:il  - 

\ 

'\ 


' — I’oured- In-Place  Urethane  Foam 


4 » 2. 2.1  RecondltlQning 

During  this  period  the  stainless  steel  tank  was  removed  from  the  thermal 
facility  and  returned  to  the  shop.  The  following  steps  were  taken  to 
recondition  the  tank  in  preparation  for  installing  new  insulation. 

(1)  Strip  all  old  insulation  from  tank  except  foam  in  annulus 
between  skirt  and  head. 

(2)  Repair  any  "cans”  or  dents  remaining  in  tank  cylinder  when 
the  tank  was  collapsed  previously. 

(3)  X"ray  examination  of  alJ.  weld,  seams  in  damaged  areas. 

(4)  Repair  NPSH  ring  and  reinstall. 

(5)  Leak  check  entire  tank  assembly. 

All  of  this  work  was  performed  sfxtisfactorily  during  June  1961  and  the 
tank  was  judged  to  be  in  good  condii.ion  for  further  test  uses. 

4.2,2o2  In.sa.Iation 

The  insulation  of  the  sidewall  proceeded  without  difficulty  during  July 
1961.  By  the  end  of  this  period  the  sidewall  insulation  was  completed 
and  initial  pumpdown  was  started.  This  initial  pumpdown  Indicates  that 
the  aluminum  foil  cover  will  hold  a.  reaso.nable  vacuum.  Further  testing 
in  this  area  will  be  done. 

Figures  I5  and  I6  show  the  method  of  applyl.ng  the  fiberg.lass  cloth  and 
aluminum  foil  cover. 

The  head  insulation  segments  were  delayed  at  the  manufacturer.  The 
date  of  delivery  is  now  to  be  in  .August.  Therefore,  the  insulation  of 
the  heads  will  not  be  completed  until  the  latter  part  of  August,  I96I. 

4 . 3  Thermal  Faclli ty 

Reactivation  of  the  thermal  tes*-..  facility  was  started  at  the  commence¬ 
ment  of  the  contract.  The  fo.llowlng  subsections  will  be  devoted  to  a 
description  of  the  work  progress  during  this  period; 


(a)  Meclianical 

(b)  Instruroentatioa  and  Electrical 
4,3.1  Meehan  i  c  al 

During  this  period,  all  flow  systems  have  been  checked  for  deterioration 
and  operation.  A1.1  necessary  repairs  and  maintenance  have  been  performed 
and  the  systems  are  ready  for  final  check  with  liquid  nitrogen  when  the 
test  tank  is  installed. 

Some  difficulty  was  experienced  .In  evacuating  the  vacuum  be.ll.  The 
inflatable  seals  in  use  proved  to  be  too  soft  and  failed  when  a  partial 
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vacuum  vas  achieved.  New  seals  of  harder  material  were  obtained  and 
installed.  These  seals  proved  to  be  adequate  in  maintaining  a  vacuum 
using  a  stainless  steel  test  cylinder  to  seal  against.  Final  testing 
will  be  done  when  the  test  tank  is  Installed. 

4.3.2  Instrumentation  and  Electrical 

A  program  of  complete  renovation  of  the  instrumentation  and  acquisition 
systems  was  started.  This  program  was  delayed  shortly  after  it  was  begun 
due  to  lightning  damage  to  the  power  transformers.  Repair  of  these 
transformers  delayed  reactivation  for  a  period  of  six  weeks.  The  trans¬ 
formers  were  reinstalled  in  J'uly^  I96I;  and  rapid  progress  was  made  in 
checking  out  the  instrumentation.  This  work  will  continue  until  the  test 
tank  is  installed., 

'Two  major  problems  exist  in  the  data  acquisition  systems.  These  are  as 
follows ; 

1.  During  previous  test  rans^  a  temperature  sensing  device  would 
occasionally  develop  an  open  circuit  which  would  cause  the  data  acquisi¬ 
tion  amplifier  to  "see"  an  excessively  high  voltage,  thus  overdriving 
the  amplifier  to  the  point  where  no  data  could  be  recorded  for  that  point 
or  any  of  the  remaining  points  on  the  commutator  since  the  amplifier  could 
not  recover  fast  enough. 

2.  Accurate  sensing  of  t,he  surface  temperature  of  a  tank  wall. 

This  includes  the  proper  sensing  device  and  method  of  attachment. 

The  solution  to  problem  No.  1  was  believed  to  be  in  the  amplifier.  If 
the  present  amplifier  were  replaced  with  one  with  a  more  rapid  recovery, 
then  the  problem  would  be  eliminated.  A  new  amplifier  specifically 
designed  for  rapi.d  reccr/ery  was  obtained  and  installed  and  the  results 
are  very  satisfactory. 

The  solution  to  problem  No.  2  is  not  so  simple.  The  accurate  sensing  of 
surface  temperatures  i.s  a  problem  throughout  the  industry.  The  following 
approach  will  be  undertaken  to  establish  criteria  for  sensing  surface 
temperatures. 


a.  A  team  of  Beech  pei’sonnel  is  to  make  a  survey  of  the  industry 
to  gather  information  concerning  the  work  done  in  this  area.  This  will 
include  visits  to  various  plants  and  interviews  with  those  persons 
interested  in  this  area. 

b.  Set  up  a  series  of  tests  in  a  calorimeter  to  be  designed  and 
built  for  this  purpose.  These  tests  to  evaluate  various  sensing  devices, 
bonding  agencies,  and  technique  of  attachment. 

At  the  conclusion  of  this  investigation,  a  report  will  be  made  of  the 
results  and  the  best  method  found  will  be  used  to  sense  the  surface 
temperature  of  the  tank  wall.  This  work  Is  proceeding  and  the  results 
will  be  reported  in  the  next  quarterly  report. 
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